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Major portion of today’s lecture is based on this 
article, currently in press and available online at 

http://www.ncbi.nlm.nih.gov/pubmed/22223081 



Topics 

• Context: Systems design issues in Healthcare 
• Functional characteristics of an ideal system 
• A prototype operational EHR with genomic 

decision support 



Systems Design Issues 
in Healthcare  

• Current practice largely 
depends upon the clinical 
decision making capacity 
and reliability of 
autonomous individual 
practitioners, for classes of 
problems that routinely 
exceed the bounds of 
unaided human cognition 
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The molecular tsunami crashes on the 
beach of human cognitive capacity for 
decision making… 

Structural Genetics:  

e.g. SNPs, haplotypes 

Functional Genetics:  

Gene expression 
profiles 

Proteomics and other 

effector molecules 

Decisions by 
clinical 
phenotype 

i.e., traditional 
health care 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) 
primary observations to clinically relevant 
subsets.   
Issue: current practice by clinical laboratories 
extinguishes many observations not felt to be 
clinically relevant. 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) 
primary observations to clinically relevant 
subsets.   

2. Since methods will change, molecular lab 
results carry observation methods with them 
(LOINC model) 
Issue: Methods used to perform genetic assays 
normally embedded in PDF text report but not 
available as structured data. 



 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) primary 
observations to clinically relevant subsets.   

2. Since methods will change, molecular lab results carry 
observation methods with them (LOINC model) 

3. Compact representation of clinically actionable subsets 
for optimal performance (clinician thinkspeed = 
250msec) 
Issue: Using keywords and short phrases e.g., 
CYP2C19*2*2 as shorthand for presence of CYP2C19 
homozygous variant that poorly metabolizes commonly 
prescribed drugs such as Clopidigrel (Plavix) enables 
quick visual recognition and efficient lookup by decision 
support rules.  Currently << 1% of complete genome. 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) primary 
observations to clinically relevant subsets.   

2. Since methods will change, molecular lab results carry 
observation methods with them (LOINC model) 

3. Compact representation of clinically actionable subsets 
for optimal performance (clinician thinkspeed = 
250msec) 

4. Simultaneously support for human-viewable formats 
(with links to interpretation) and formats interpretable by 
decision support rules. 
Issue: Volume and complexity of molecular variation data 
exceeds cognitive capacity even of specialists.  “Genomic 
competence” rare among primary care providers. 
 
 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) primary 
observations to clinically relevant subsets.   

2. Since methods will change, molecular lab results carry 
observation methods with them (LOINC model) 

3. Compact representation of clinically actionable subsets for 
optimal performance (clinician thinkspeed = 250msec) 

4. Simultaneously support for human-viewable formats (with 
links to interpretation) and formats interpretable by decision 
support rules. 

5. Separate primary sequence data (remain true if accurate) 
from clinical interpretations of them (will change with rapidly 
changing science) 
Issue: Data plus interpretation in narrative lab report 
document is the most common current format for 
transmitting results back to clinicians. 

 



 

Most common current method for delivery of DNA analysis  
into clinical operations 
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6. Anticipate the boundless creativity of Nature: multiple 
somatic genomes, multiple germline genomes for each 
individual over their lifetime. 



7 desiderata for molecular variation 
data in EHRs 

1. Lossless data compression from (high volume) primary 
observations to clinically relevant subsets.   

2. Since methods will change, molecular lab results carry 
observation methods with them (LOINC model) 

3. Compact representation of clinically actionable subsets for 
optimal performance (clinician thinkspeed = 250msec) 

4. Simultaneously support for human-viewable formats (with 
links to interpretation) and formats interpretable by decision 
support rules. 

5. Separate primary sequence data (remain true if accurate) 
from clinical interpretations of them (will change with rapidly 
changing science) 

6. Anticipate the boundless creativity of Nature: multiple 
somatic genomes, multiple germline genomes for each 
individual over their lifetime. 

7. Support both individual care and discovery science 



Layered classes of 
EHR-relevant data 

8x -30x nextgen reads:  
hundreds of gigabytes/terabyte 

Consensus full personal germline and somatic sequence(s) 
and metadata: a few gigabytes  each  

 
Personal molecular differences 

represented  in EHR as computed 
offset from a Clinical Standard 

Reference Genome (CSRG)  
=~1% of genome/ proteome.   

A few megabytes.  
 

Diagnostic 
Interpretations  

(PDF reports). A few 
kilobytes each. 

Interpretive 
codes 

Structured keywords for clinical  decision 
support (e.g., C*2*2CLM fires decision 

rule for CYP2C19*2 homozygotes at time 
of clopidigrel prescribing). 
A few tens of bytes each. 

Primary 
Observations. 

If accurate, 
keep forever 

Intrepretations 
of primary data 

(expect rapid 
change) 



Characteristics of a “Clinical Standard 
Reference Genome (CSRG)” 

• Should generate the smallest number of differences to 
be stored in the EHR.  (Simplest approach: most 
common allele for all known genes) 

• Should *not* represent any actual person, ethnic 
group, family ancestry to avoid arguments based on 
those characteristics 

• Should be accompanied by 
decompression/recompression utilities to rapidly 
transform any given individual’s genome or subset of it. 

• Subject to version control: expect many different 
CSRGs as sequencing technology improves. 



Putting it all 
together in an 

operational 
healthcare 
prototype 



PREDICT: Pharmacogenomic Resource for Enhanced 
Decisions in Care and Therapy 

(Go-live date: Sept 15, 2010) 

• Use data mining methods in Electronic Medical Record 
(EMR) to identify individuals at increased likelihood of a 
future prescription of a drug for which pharmacogenetics 
has relevance 

• Prospectively acquire 200 marker SNP panel and put 
selected subset of data in electronic medical record 

• At moment of prescribing, use decision support rules that 
look for presence of pharmacogenetic ‘keywords’ e.g., 
‘CYP2C19xxxx’ to guide drug selection and correct dosing. 

• Track outcomes 



Point of care decision support 



Clinician display 







The face of personalized medicine 
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